Introduction
============

Rocuronium is a widely used non-depolarizing neuromuscular blocking drug that is structurally related to vecuronium. It is characterized by a rapid onset of action and an intermediate duration. During induction of general anesthesia, the intravenous (IV) injection of rocuronium is often associated with the withdrawal movement of the arm into which the drug is injected due to pain. Abrupt arm withdrawal during rocuronium injection may result in dislodgement of the venous catheter, injury, or inadequate injection of rocuronium.

Several techniques have been suggested for reducing or preventing the pain, with varying success. The most popular methods often involve pretreatment with drugs, but no method is currently available to prevent such pain completely \[[@B1],[@B2],[@B3],[@B4],[@B5],[@B6],[@B7]\]. The injection pain of rocuronium could be relieved by using inhaled anesthesia immediately after the IV induction or by using an inhaled induction of anesthesia and allowing adequate anesthetic depth. However, no previous study investigated the end-tidal concentration of sevoflurane (ET~sev~) used during induction for preventing arm withdrawal associated with the injection of rocuronium.

The purpose of this study was to evaluate the 50 and 95% effective ET~sev~ for prevention of rocuronium-induced withdrawal movements.

Materials and Methods
=====================

The protocol of this study was approved by the Institutional Ethical Committee of our Hospital (2013-44) and informed parental consent was obtained. We studied 31 patients who were American Society of Anesthesiologists physical status I, aged 1-6 years, weighed less than 30 kg, and were undergoing general anesthesia for elective surgery. We excluded patients who had a history of neurological deficits, allergies to lidocaine, thiopental, rocuronium or asthma, and those who had received analgesics or sedatives within the previous 24 h.

Medication was not given before the induction of anesthesia. Before arriving in the operating room, we required that a 22-gauge cannula had been placed in the patient\'s largest vein on the dorsum of the hand in the ward. All patients were monitored using an electrocardiogram, pulse oximetry, and noninvasive blood pressure. After free flow of lactated Ringer\'s IV fluid was confirmed, the patient underwent anesthesia induction by using 2.5% thiopental sodium (4 mg/kg) and sevoflurane (4 vol%) with 6 L/min of oxygen. When the target ET~sev~ was reached, the heart rate (HR) and mean arterial pressure (MAP) were recorded. Further, preservative-free 1% lidocaine (1.5 mg/kg) was intravenously injected during manual occlusion of the IV fluid line to stabilize the hemodynamic response due to endotracheal intubation, and rocuronium (0.6 mg/kg) was injected immediately after lidocaine injection under free flow of IV fluid. A nurse who was an investigator and was blinded to ET~sev~ injected the rocuronium. After the nurse evaluated the response, the maximum HR during 30 s and the MAP after rocuronium injection were recorded. The study was terminated at this point, and the anesthetic was continued at the discretion of an attending anesthesiologist. The ET~sev~ was monitored by using the Primus Infinity® Empowered (Dräger, Drägerwerk AG & Co., Lübeck, Germany).

Patient data are presented as the mean ± SD. We studied 31 patients on the basis of Dixon\'s up-and-down method, and nine pairs of withdrawal and non-withdrawal movements were collected for statistical analysis with this method \[[@B8]\]. The 50% effective concentration (EC~50~) by Dixon\'s up-and-down method was defined as the mean of the crossover end-tidal concentrations. The withdrawal and non-withdrawal movement sequences were analyzed by the probit test, which enabled us to derive the ET~sev~ for non-withdrawal movement with 95% confidence limits of the mean. The patient characteristics (comparison between the withdrawal and non-withdrawal movement patients at rocuronium injection) were evaluated by using chi-square analysis and the Mann-Whitney *U* test, when appropriate. The MAP and HR before and after rocuronium injection was compared by using the Wilcoxon signed-rank test. The differences in the MAP and HR before and after rocuronium injection between the withdrawal and non-withdrawal movement patients were analyzed by the Mann-Whitney U test because of non-normal distribution. The differences were considered statistically significant when P \< 0.05. SPSS package (version 19.0, SPSS Inc., Chicago, IL, USA) was used for statistical analysis.

Results
=======

The sequences of withdrawal and non-withdrawal movements are shown in [Fig. 1](#F1){ref-type="fig"}. Non-withdrawal movement was observed in 5 out of 11 patients with ET~sev~ 3.0 vol% and in 5 out of 6 patients with ET~sev~ 3.5 vol%. By Dixon\'s up-and-down method, the EC~50~ of sevoflurane for non-withdrawal movement at rocuronium injection was 3.1 ± 0.4 vol%. A logistic regression curve of the probability of non-withdrawal movement showed that the 50% effective ET~sev~ for abolishing withdrawal movement at rocuronium injection was 2.9 vol% (95% confidence interval \[CI\] 2.4-3.8 vol%), and the 95% effective ET~sev~ was 4.3 vol% (95% CI 3.6-9.8 vol%). During the study, hemodynamic stability within 30% of the pre-operative values was maintained in all patients.

The patient profiles in the withdrawal and non-withdrawal movement groups are compared in [Table 1](#T1){ref-type="table"}. The mean ET~sev~ in non-withdrawal movement patients was statistically higher than that of withdrawal movement patients (3.1 vs 2.6 vol%, P = 0.01). A comparison of the hemodynamic values of withdrawal and non-withdrawal movement patients is shown in [Table 2](#T2){ref-type="table"}. The HR was significantly higher after rocuronium injection compared to before rocuronium injection in both withdrawal and non-withdrawal movement patients. However, the differences in MAP and HR were not statistically significant between withdrawal and non-withdrawal movement patients.

Discussion
==========

In previous studies, the incidence of withdrawal movement by rocuronium injection without pretreatment was 22 to 84% \[[@B3],[@B4],[@B5],[@B6],[@B7],[@B9]\]. Age and sex differences regarding the incidence of withdrawal are controversial \[[@B2],[@B5],[@B10]\]. A pretreatment intervention for preventing rocuronium-induced withdrawal movement may increase cost to the patients and may involve the risk of developing adverse effects. However, generalized movement by rocuronium-induced pain cause pulmonary aspiration \[[@B11]\] and rocuronium-induced pain similar to propofol-induced pain during induction may cause bronchospasm, asthma, or myocardial ischemia attack \[[@B13]\].

Abrupt arm withdrawal during rocuronium injection may result in dislodgement of the venous catheter, injury, or inadequate injection of rocuronium. Therefore, caution should be taken to prevent its occurrence. Various drugs have been used in an attempt to prevent, but not completely eliminate, rocuronium-induced withdrawal movement, with varying success (30-93%) \[[@B1],[@B2],[@B3],[@B4],[@B5],[@B6],[@B7]\]. Other methods have been proposed for preventing withdrawal movement, such as the use of midazolam, fentanyl, lidocaine, tramadol, ondansetron, ketorolac, or a combination of lidocaine and ketorolac pretreatment \[[@B3],[@B4],[@B5],[@B6],[@B7],[@B9],[@B13]\]. Among ondansetron, lidocaine, tramadol, and fentanyl, lidocaine was the most effective drug \[[@B4]\], and the effect of lidocaine in attenuating pain was dose-dependent \[[@B3]\]. Further, pretreatment with a small dose of ketamine (0.2 mg/kg) reduced rocuronium-induced withdrawal movement in pediatric patients \[[@B5]\]. However, these techniques required time-consuming procedures and might have side effects or contraindications.

The mechanism of rocuronium-induced pain has not been elucidated, but several theories have been proposed, including relatively low pH or the release of local mediators \[[@B3],[@B14],[@B15]\]. The IV injection of normal saline buffered to a pH of 4 was not associated with pain; therefore, low pH is not the major cause of this phenomenon \[[@B16]\]. Several studies suggested that the release of local mediators such as histamine, which directly activates venous nociceptors, may be the total or partial cause of pain \[[@B5],[@B17]\]. However, histamine is an unlikely candidate because neither erythema nor warmth was reported in the surrounding tissue or was observed in awake patients \[[@B16]\], although thiopental sodium and rocuronium injection in rapid sequence caused skin erythema at the site of injection \[[@B5]\]. Other mediators such as the kininogen cascade may be involved because the nature of the pain with rocuronium and propofol is similar: each appear immediately during IV injection, the duration is short, and the intensity decreases with subsequent injection. Therefore, mediators that are related to propofol-induced pain may also be involved in rocuronium-induced pain \[[@B16]\]. Although correlations were not found between the pain rating and mediator release, a significant correlation was found between the pain rating and the axon-reflex vasodilatation; thus, the pain-producing effect of rocuronium can be attributed to the direct activation of C-nociceptors \[[@B18]\].

In this study, we used sevoflurane with the goal of determining the ET~sev~ for eliminating arm withdrawal movement irrespective of the causes. Our results show that the 95% effective ET~sev~ that abolishes arm withdrawal movement by rocuronium injected immediately after lidocaine injection (1.5 mg/kg) is 4.3 vol%.

This study has two limitations arising from the design of the study. Lidocaine (1.5 mg/kg) with manual venous occlusion was used immediately before injection of rocuronium to stabilize the hemodynamic response due to endotracheal intubation by blunting the activation of the sympathetic nerve system. The use of lidocaine at that time in the procedure may have attenuated rocuronium-induced pain by heightening the pain threshold. The other limitation is the time lag between lidocaine and rocuronium injection when the ET~sev~ reached the target concentration. Although the ET~sev~ tended to increase with the time lapse during manual ventilation, the time lag was very short.

In conclusion, the 50 and 95% effective ET~sev~ that prevented withdrawal movement at rocuronium injection were 2.9 and 4.3 vol%, respectively. Considering these ET~sev~ values during induction may help to provide a simple and reliable means for reducing the incidence and severity of rocuronium-induced movement without adverse hemodynamic changes.

![Data of consecutive withdrawal and non-withdrawal movement over predetermined end-tidal concentration of sevoflurane (with an initial predetermined concentration of 2.0 vol% for the first patient). We collected nine pairs of withdrawal and non-withdrawal movement sequences for statistical analysis with Dixon\'s up-and-down method. The end-tidal concentration of sevoflurane for abolishing withdrawal movement in 50% of patients was 3.1 ± 0.4 vol%.](kjae-66-274-g001){#F1}
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Patient Profiles
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The profiles of withdrawal and non-withdrawal movement patients at rocuronium injection. Values are expressed as the mean ± SD or as a number. ET~sev~: end-tidal concentration of sevoflurane. ^\*^P = 0.01 between groups.
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Hemodynamic Profiles
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Hemodynamic profiles before and after rocuronium injection in withdrawal and non-withdrawal movement patients. Values are expressed as the mean ± SD. T1: time before rocuronium injection, T2: time after rocuronium injection, MAP: mean arterial pressure, HR: heart rate. ^\*^P \< 0.05 between T1 and T2.
